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the international search was carried out on the basis of a translation of the international application furnished to this 
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| | the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
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| X | the text is approved as submitted by the applicant. 
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6. The figure of the drawings to be published with the abstract is Figure No. £^ 
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| | because this figure better characterizes the invention. 



Form PCT/ISA/210 (first sheet) (July 1998) 




1 



THIS PAGE BLAHKfluro 



IntejMjonal application No. 
INTERNAT.ONAL<BkRCH REPORT W l/EP °° /09423 



Box I Observati ns wher c rtain claims w r found unsearchable (C ntinuation of item 1 f first sh et) 

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1 . Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 



1 . I y | As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
L*-* searchable claims. 



2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
' — I covers only those claims for which fees were paid, specifically claims Nos.: 



4. | l No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| X | No protest accompanied the payment of additional search fees. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: (1-3, 5-16 )-complete, 18-partially 

Thermostable enzyme exhibiting 3'-exonucl ease-activity but 
essentially no DNA polymerase activity whereas this enzyme 
enhances fidelity of an amplification process when added to 
a second enzyme exhibiting polymerase activity; said enzyme 
obtainable from Archaeglobus fulgidus, whereas this enzyme 
is able to cooperate as proofreading enzyme with a second 
enzyme exhibiting polymerase activity; Composition 
comprising a first thermostable enzyme exhibiting 
3'-exonuclease-acti vity but essentially no DNA polymerase 
activity and a second enzyme exhibiting DNA polymerase 
activity whereas the fidelity of an amplification process is 
enhynced by the use of the composition to the use of the 
single second enzyme; a method of preparing or amplifying 
DNA using said composition; said method whereas the mixture 
of a -first thermostable enzyme exhibiting 3'-exonuclease- 
activity but essentially no DNA polymerase activity and -a 
second enzyme exhibiting DNA polymerase activity produces 
PCR products with lower error rates compared to PCR products 
produced by the second enzyme exhibiting DNA polymerase 
activity in absence of the first thermostable enzyme 
exhibiting 3'-exonuclease-activity but essentially no DNA 
polymerase activity; said method whereas PCR products with 
blunt ends are obtained; a method for amplifying DNA using 
said thermostable enzyme exhibiting 3'-exonuclease-acti vi ty 
which enzyme is not or only to a negligible extend active on 
linear single stranded DNA; 



2. Claims: 4-complete, 18-partially 

Thermostable enzyme exhibiting 3'-exonuclease-acti vity but 
exhibits reduced DNA polymerase activity; a method for 
amplifying DNA using said thermostable enzyme exhibiting 
3'-exonuclease-acti vity which enzyme is not or only to a 
negligible extend active on linear single stranded DNA; 



3. Claims: 17-complete, 18-partially 

A method for amplifying DNA using a thermostable enzyme 
exhibiting 3' -exonucl ease-activity which enzyme is not or 
only to a negligible extend active on linear single stranded 
DNA; 
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Thermostable enzyme promoting the fidelity of thermostable DNA polymerases - for im- 
provement of nucleic acid synthesis and amplification in vitro 



The present invention is related to the field of molecular biology, and more particular, to poly- 
nucleotide synthesis. The present invention also relates to a substantially pure thermostable exo- 
nuclease, the cloning and expression of a thermostable exonuclease III in Rcoli, and its use in 
amplification reactions. The invention facilitates the high fidelity amplification of DNA under 
conditions which allow decontamination from carry over and the synthesis of long products. The 
invention may be used for a variety of industrial, medical and forensic purposes. 

In vitro nucleic acid synthesis is routinely performed with DNA polymerases with or without 
additional polypeptides. DNA polymerases are a family of enzymes involved in DNA replication 
and repair. Extensive research has been conducted on the isolation of DNA polymerases from 
mesophilic microorganisms such as Ecoli. See, for example, Bessman et al. (1957) /. Biol Chem. 
223:171-177, and Buttin and Romberg, (1966) /. Biol Chem. 241:5419-5427. 

Research has also been conducted on the isolation and purification of DNA polymerases from 
thermophiles, such as Thermus aquaticus. Chien, A. et al, (1976) /. Bacteriol. 127:1550-1557 
discloses the isolation and purification of a DNA polymerase with a temperature optimum of 
80°C from Thermus aquaticus YTl strain. United States Patent No. 4,889,818 discloses a purified 
thermostable DNA polymerase from T. aquaticus, Taq polymerase, having a molecular weight of 
about 86,000 to 90,000 daltons. In addition, European Patent Application 0 258 O17.disdoses Taq 
polymerase as the preferred enzyme for use in the PCR process. 

Research has indicated that while Taq DNA polymerase has a 5'-3' polymerase-dependent exo- 
nuclease function, Taq DNA polymerase does not possess a 3'-5' exonuclease in function 
(Lawyer, F.C. et al., (1989) J. Biol Chem., 264:6427-6437; Bemad A., et al. (1989) Cell 59:219). 
The 3'-5' exonuclease activity of DNA polymerases is commonly referred to as proofreading 
activity". The 3'-5' exonuclease activity removes bases which are mismatched at the 3' end of a 



WO 01/23583 
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primer-template duplex. The presence of 3'-5' exonuclease activity may be advantageous as it 
leads to an increase in fidelity of replication of nucleic acid strands and to the elongation of pre- 
maturely terminated products . As Taq DNA polymerase is not able to remove mismatched pri- 
merend. It xs prone to base incorporation errors, making its use in certain applications unde- 
sirable. For example, attempting to clone an amplified gene is problematic since anyone copy of 
the gene may contain an error due to a random misincorporation event. Depending on the cycle 
in winch that error occurs (e.g., in an early replication cycle), the entire DNA amplified could 
contain the erroneously incorporated base, thus, giving rise to a mutated gene product. . 

There are several thermostable DNA polymerases known in the art which exhibit 3'- 5'exonu- 
dease activity, like B-type polymerases from thermophilic Archaebacteria which are used for high 
fidelity DNA amplification. Thermostable polymerases exhibiting 3'- 5'exonuclease activity may 
be isolated or cloned from Pyococcus (Purified thermostable Pyococcus furiosus DNA poly- 

merase from Pyococcus species, Comb D. G. et al., New England Biolabs, Inc., EP 0 547 359- 
Organization arid nucleotide sequence of the DNA polymerase gene from the archaeon Pyo- 
coccus ^n'qsus,Uemori T. et al. (1993) Nuci Acids Res., 21:259-265.), from Pyrodictiutn spec 
(Thermostable nucleic acid polymerase, Gelfand D. H., F. Hoffmann-La Roche AG, EP 0 624 641- 
Purified thermostable nucleic acid polymerase and DNA coding sequences from Pyrodictium 
speaes, Gelfand D. H., Hoflmann-La Roche Inc., US 5,491,086), from Thermococcus (e g Ther- 
mostable DNA polymerase from Thermococcus spec TY, Niehaus F , et al. WO 97/35988; Purified 
Thermocccus barossii DNA polymerase, Luhm R. A., Pharmacia Biotech, Inc., WO 96/22389- 
DNA polymerase from Thermococcus barossii with intermediate exonuclease activity and better 
long term stability at high temperature, useful for DNA sequencing, PGR etc., Dhennezel O B 
Pharmacia Biotech Inc., WO 96/22389; A purified thermostable DNA polymerase from Thermo- 
coccus htoralis for use in DNA manipulations, Comb D. G., New England Biolabs, Inc , US 
5,322,785,- EP 0 455 430; Recombinant thermostable DNA polymerase from Archaebacteria 
Comb D. G., New England Biolabs, Inc., US 5,352,778, EP 0 547 920, EP 0 701 000; New isolated 
thermostable DNA polymerase obtained from Thermococcus gorgonarius, Angerer B. et al. 
Boehnnger Mannheim GmbH, WO 98/14590. 

Another possibility of conferring PGR in the presence of a proofreading function is the use of a 
imxture of polymerase enzymes, one polymerase exhibiting such a proofreading activity (e g 
Thermostable DNA polymerase with enhanced thermostability and enhanced length and effi- 
ciency of pnmer extension, Barnes W. M., US 5,436,149, EP 0 693 078; Novel polymerase 
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3 

compositions and uses thereof, Sorge J. A., Stratagene, WO 95/16028). It is common practice to 
use a formulation of a thermostable DNA polymerase comprising a majority component of at 
least one thermostable DNA polymerase which lacks 3'-5' exonuclease activity and a minority 
component exhibiting 3'- 5' exonuclease activity e.g. Tog polymerase andPfc DNA polymerase. 
In these mixtures the processivity is conferred by the pol I-type enzyme like Taq polymerase, the 
proofreading function by the thermostable B-type polymerase like Pfu. High fidelity DNA 
synthesis is one desirable parameter in nucleic acid amplification, another important feature is 
the possibility of decontamination. 

The polymerase chain reaction can amplify a single molecule over a billionfold. Thus, even 
minuscule amounts of a contaminant can be amplified and lead to a false positive result. Such 
contaminants are often poducts from previous ,PCR amplifications (carry-over contamination). 
Therefore, researchers have developed methods to avoid such a contamination. 

The procedure relies on substituting dUTP for TTP during PCR amplification to produce uracil- 
containing DNA (U-DNA). Treating subsequent PCR reaction mixtures with Uracil-DNA-Gly- 
cosylase (UNG) prior to PCR amplification the contaminating nucleic acid is degraded and not 
suitable for amplification. dUTP can be readily incorporated by poll-type thermostable poly- 
merases but not B-type polymerases (G. Slupphaug, et al. (1993) Anal Biochem. 211:164-169) 
Low incorporation of dUTP by B- type polymerases limits their use in laboratories where the 
same type of template is repeatedly analyzed by PCR amplification. 

Thermostable DNA polymerases exhibiting 3' - 5'exonudease activity were also isolated from 
eubacterial strains like Thermotoga (Thermophilic DNA polymerases from Thermotoga nea- 
politana, Slater M. R. et al. Promega Corporation, WO 96/41014; Cloned DNA polymerases from 
Thermotoga neapolitana and mutants thereof, Hughes A. J. et al, Life Technologies, Inc. WO 
96/10640; Purified thermostable nucleic acid polymerase enzyme from Termotoga maritima, 
Gelfand D. H. et al., CETUS Corporation, WO 92/03556) These enzymes have a strong 3'-5'exo- 
nudease activity which is able to eliminate misincorporated or mismatched bases. A genetically 
engineered version of this enzyme is commercially available as ULTma, a DNA polymerase which 
can be used without additional polypeptides for the PCR process. This enzyme is able to remove 
misincorporated bases, incorporate dUTP, but the fidelity is for unknown reasons not higher 
than that of Taq polymerase ( Accuracy of replication in the polymerase chain reaction. Diaz R. S. 
et aL-Braz. J. Med. Biol Res. (1998) 31: 1239-1242; PCR fidelity of Pfu DNA polymerase and other 
thermostable DNA polymerases, Cline J. et al., Nucleic Acids Res. (1996) 24:3546-3551). 
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contammg them is the use of thermophilic DNA polymerase III holoenzyme, a complex of 1 8 
po>ypeptidechains. ^^^^to^t^^'L, 
pnstng aU the factors necessary to synthesize a DMA strand of several hundred M ob™ 1 
chromosome, The ,0 different subunits of this enzyme, some of which are present in m Xp 
^" ^^^^^"echn^e,— ed and used for fe 

r ' " T ° f ^ PCR Wtion of nudeic acis of severa, ' 

thousand to hundreds of thousand base pairs is proposed. (Enzyme derived from thermophilic 

a e, a, The Rodrfdler Un.vers.ry, WO 98/45452; Novel thermophilic polymerase III holoen- 
zyme, McHenry C, ENZYCO Inc., WO 99/13060) ' 

en^eexhtbttrng.-exonuclease-a^b^^ 

whereas th B enzyme enhances fidelity of an amplification process when added to a second 
enzyme exmbitingpolymerase activity. The enzyme provided can excise mismatched pruner ends 
o allow the second enzyme exhibiting poiymerase activity as e.g. Tao polymerase to reassociate 
nd to reassume elongation during a process of synthezising DNA; The inventive enzyme i S able 
to cooperate as proofreading enzyme with a second enzyme exhibiting polymerase activity. The 
enzyme that was found to be suitable for mis task is e.g. a thermostable etoMckase III pLred 
.s an „ kase fflworId „ g from Ae 3 . to s . deav . ng s . of ^ 

hydroxy! groups and ideally working on double stranded DNA only. The 3'- Sexonudease 
fitncnonsof DNA po.ymera.es are active on double^ single stranded DNA\ Thelatter activity 
may lead to pnmer degradation, which is undesired in PCR assays . It is preferred that the 
enzyme ts active a. 70 °C to 80 -C, stable enough to survive the Saturation cydes and inactive 
aUower temperatures to leave th, PCR products undegraded after completion of the PCR pro- 
enzymes exhbiting these features can be derived from thermophilic eubacteria or related 
enzymes from thermophilic archaea. Genomes of three mermostable archaebacteria are se- 

Archaeon, U^anoco^an^H, Bu., C.,. e, al., ( ,996) 5^73:1058.1072^^- 
tenun, *_ otropfenim (Complete genomic sequence of rttrmMuwn .„. 
pfticum AH: Functional Analysis and Comparative Genomics, Smith D.R. e, al., /. ofBaCeno^ 
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(1997) 179: 7135-7155) and Archaeoglobus fulgidus (The complete genome sequence of the 
hyperthermophilic, sulfate-reducing archaeon Archaeoglobus fulgidus, Klenk H.-P. etal. (1997) 
Nature 390: 364-370). 

In particular, there is provided a thermostable enzyme obtainable from Archaeoglobus fulgidus, 
which catalyzes the degradation of mismatched ends of primers or polynucleotides in the 3' to 5' 
direction in double stranded DNA. The gene encoding the thermostable exonudease III obtain- 
able from Archaeoglobus fulgidus (Afu) was cloned, expressed in Eeoli and isolated. The enzyme 
is active under the incubation and temperature conditions used in PCR reactions. The enzyme 
supports DNA polymerases like Taq in performing DNA synthesis at low error rates and syn- 
thesis of products of more than 3 kb on genomic DNA - the upper range of products synthesized 
by Taq polymerase - in good yields with or without dUTP present in the reaction mixture. Pre- 
ferably, 50-500 ng of the exonudease III obtainable from Afu were used per 2,5 U of Taq poly- 
merase in order to have an optimal PCR performance. More preferably is the use of 67 hg to 
380 ng of the exonudease III obtainable from Afu per 2,5 U of the Taq polymerase in the PCR 
reaction. 

Thus, the inventive enzyme is able to cooperate as proofreading enzyme with Taq polymerase. 
The advantage of the use of the inventive enzyme in comparison to other enzymes is that the 
inventive enzyme is preferably active on double stranded DNA. The thermostable enzyme of this 
invention may be used for any purpose in which such enzyme activity is necessary or desired. In a 
particularly preferred embodiment the enzyme is used in combination with a thermostable DNA 
polymerase in the nucleic acid amplification reaction known as PCR in order to remove mis- 
matched primer ends which lead to premature stops, to provide primer ends which are more 
effectively elongated by the polymerase, to correct for base incorporation errors and to enable the 
polymerase to produce long PCR products. 

■ t 

J 

Further, subject of the present invention is a composition comprising a first thermostable en- 
zyme exhibiting 3'-exonuclease-activity but essentially no DNA polymerase activity and a second 
enzyme exhibiting polymerase activity whereas the fidelity of an amplification process is 
enhanced by the use of this composition in comparison to the use of the second enzyme alone. 
The inventive thermostable enzyme exhibiting 3'-exonuclease-activity but essentially no DNA 
polymerase activity also includes appropriate enzymes exhibiting reduced DNA polymerase 
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. i « y ineexni oiting polymerase activity. According * nt u; r 

nucleicacids. ■ § ™ ( ^^ 

Preferably, according to this method the mixture of a 

a second enzyme exhibiting polymerase activity 
™de ^neexh, ^P^^k^ rfttaWtIl ^^^ , 

wmcn the mixture of first thermostable enzyme exhibit;™ V • 

p^ucs „ f £0mpared w PCR ~:3trT produc4s?cR 
poi„ ^ „ ^ of ^ first 4e i sta j:^ d ^° nd -7. 

taessendaJIynoDNApolymeraseactivitv Further m ^ 

method „ the method whereas PCR product, with b lu „, ends are obtamed. 
^e eriub-fng 3 exonudease-ac,^ bu, essentia^ no DMA po lym era S e acnvity and means 
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and materials for producing this enzyme as e.g. vectors and host cells (e.g. DSM no. 13021). 

The following examples are offered for the purpose of illustrating, not limiting, the subject 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Brief description of the drawings 
Figure 1: 

DNA sequence and the deduced amino acid sequence of the gene encoding the DNA polymerase 
from exonuclease III of Archaeoglobus fulgidus. 

Figure 2: 

Resistance to heat denaturation of the recombinant exonuclease III of Archaeoglobus fulgidus 
expressed in Rcoli as described in Example V. 

Lane 1: Incubation at 50°C 

Lane 2: Incubation at 60°G 

Lane 3: Incubation at 70°C 

Lane 4: Incubation at 80°C 

Lane 5: Incubation at 90°C 

Lane 6: Rcoli host cell extract not transformed with gene encoding Afu exonuclease III 
Lane 7: Exonuclease III of Rcoli r^iTn . 

Lane 8: Molecular weight marker 

j prnv 

Figure 3: 

Exonuclease activity of Afu exonuclease III on DNA fragments as described in Example VI. 

Lane 1 : 10 units Rcoli exonuclease III, incubation at 37°C 

Lane 2: 50 ng of Afu exonuclease III, incubation at 72°C 

Lane 3: 100 ng of AJu exonuclease III, incubation at 72°C 

Lane 4: 150 ng of Afu exonuclease III, incubation at 72°C 

Lane 5: 100 ng of Afu exonuclease III, incubation at 72°C 

Lane 6: 200 ng of Afu exonuclease III, incubation at 72°C 

Lane 7: 300 ng of Afu exonuclease III, incubation at 72°C 

Lane 8; 250 ng of Afu exonuclease III, incubation at 72°C 

Lane 9: 750 ng of Afu exonuclease III, incubation at 72°C 

Lane 10: 1 ^ig of Afu exonuclease III, incubation at 72°C 
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Lane 11: 500 ng of Afu exonuclease III, incubation at 72°C 

Lane 12: 1 ug ofAfit exonuclease III, incubation at 72°C 

Lane 13: 1.5 jig ofA/i< exonuclease III, incubation at 72°C 

Lane 14: 1.5 ug of A/w exonuclease III, incubation at 72°C 

Lane 15: 3 ug of A/u exonuclease III, incubation at 72°C 
Lane 16:- 4.5 ug of Afu exonuclease III, incubation at 72°C 
Lane 17: 7.6 ug of Afu exonuclease III, incubation at 72°C 
Lane 18: 15.2 ug of Afu exonuclease III, incubation at 72°C 
Lane 19: 22.8 ug of Afu exonuclease III, incubation at 72°C 
Lane 20: no exonuclease added 

Figure 4: 

Principle of the mismatch correction assay. 

Mismatched primer correction in PCR as described in Example VII. 

Lane 1: DNA Molecular Weight Marker V (ROCHE Molecular Biochemicals No 821705) 

Lane 2: G:A mismatched primer, amplification with Taq DNA polymerase 

Lane 3: same as in lane 2, but subsequendy cleaved with BsiEI 

Lane 4: G:A mismatched primer, amplification with Expand HiFi PCR System 

Lane 5: same as in lane 4, but subsequently cleaved with BsiEI 

Lane 6: G:A mismatched primer, amplification with Taq.polym^e/Afu exonuclease III 

Lane 7: same as in lane 6, but subsequently cleaved with BsiEI 

Lane 8: G:A mismatched primer, amplification with Tgo DNA polymerase 

Lane 9: same as in lane 8, but subsequently cleaved with BsiEI ■ 

Lane 10: G:T mismatched primer, amplification with Taq DNA polymerase 

Lane 1 1: same as in lane 10, but subsequently cleaved with BsiEI 

G:T mismatched primer, amplification with Expand HiFi PCR System 

Lane 13: same as in lane. 12, but subsequently cleaved with BsiEI 

Lane 14: G:T mismatched primer, amplification with Taq polymerase/^ exonuclease III 

Lane 15: same as in lane 14, but subsequendy cleaved with BsiEI 

Lane 16: G:T mismatched primer, amplification with' Tgo DNA polymerase 

Lane 17: same as in lane 16, but subsequently cleaved with BsiEI 

Lane 18: DNA Molecular Weight Marker V 

Lane 19: DNA Molecular Weight Marker V 



WO 01/23583 



9 



PCT/EP00/09423 



Lane 20: G:C mismatched primer, amplification with Taq DNA polymerase 
Lane 21: same as in lane 20, but subsequently cleaved with BsiEI 
Lane 22: G:C mismatched primer, amplification with Expand HiFi PCR System 
Lane23: same as in lane 22, but subsequendy cleaved with BsiEI 

Lane 24: G:C mismatched primer, amplification with Taq polymerase/A/w exonuclease III 
Lane 25: same as in lane 24, but subsequently cleaved with BsiEI 

Lane 26: G:C mismatched primer, amplification with Tgo DNA polymerase 
■ ■ . ** 

Lane 27: same as in lane 26, but subsequendy cleaved with BsiEI 

Lane 28: CG:AT mismatched primer, Taq DNA polymerase 

Lane 29: same as in lane 28, but subsequently cleaved with BsiEI 

Lane 30: CG:AT mismatched primer, Expand HiFi PCR System . 

Lane 3 1 : same as in lane 2, but subsequently cleaved with BsiEI 

Lane32: CG:AT mismatched primer, Taq polymeraseM/u exonuclease III 

Lane 33: same as in lane 2, but subsequendy cleaved with BsiEILane 34: CG:AT mismatched 

primer, amplification with Tgo DNA polymerase 

Lane 35: same as in lane 2, but subsequendy cleaved with BsiEI ■ ' 

Lane 36: DNA Molecular Weight Marker V. 

Figure 6A: 

Error rates of different polymerases in PCR 
Figure 6B: 

Improvement of fidelity by Afu exonuclease III present in the PCR mixture as described in 
Example VIIL 

The ratio of blue:white colonies were blottet and various mixtures of Taq DNA polymerase and 
Afu exonuclease III (Taq/Exo 1:30, Taq/Exo 1:20, Taq/Exo 1:15, Taq/Exo 1:12,5, Taq/Exo 1:10 
corresponding to 2.5 units of Taq DNA polymerase mixed with 125 ng, 175 ng, 250 ng, 375 ng 
and 500 ng of Afu exonuclease III, respectively) were tested in comparison to Taq DNA 
polymerase (Taq), Expand HiFi PCR System (HiFi) and Pwo DNA polymerase (Pwo). . 

Figure 7: 

Incorporation of dUTP by the Taq DNA polymerase / Afu. exonuclease III mixture as described 
in Example DC 

Lane 1: DNA Molecular Weight Marker XIV (Roche Molecular Biochemicals No. 1721933) 
Lane 2: Amplification with 2.5 units Taq DNA polymerase 
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'ZlT^T ^" "** * ^pol«a„d US „ g ofA> exonucW.1, 
u" 5 r r* " ^ ^ PO, ~ ^ 250 « * —■ease II, 

Lane S . Amphficauon ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Figure 8: 

De^aUon of dUTP contain^ PCR products by Uradl . DNA „ ^ fa ; 

Lane l: DNA Molecular Weigh. Marker XIV (Roche Molecular Biochemical* 
No. 1721933) 

Lane 2: Ipl of the amplification product obtained With Taq DNA polymerase and 125 ng of 

Afu exonuclease III and subsequent UNG and heat treatment " 
I^e3:2uloftheam P li fi cation P rodu rt ob 
_. ^^node«eI^d subsequent UNG and heat treatment _ 

. Afu exonuclease III and subsequent UNG and heat treatment 
Lane5: 4 jil of the amplification product obtained with Taq DNA polymerase and 125 ng of 

Afu exonuclease III and subsequent UNG and heat treatment 
Lane6: 5 ul of the amplification product obtained with Tag DNA polymerase and 125 ng of 

Afu exonuclease III and subsequent UNG and heat treatment 
Lane7: 5 ul of the amplification product obtained with Taq DNA polymerase and 125 ng of 

Afu exonuclease III no subsequent UNG or heat treatment 
Lane S: 5 .lofthe amplification product obtained with Taq DNA polymerase and 125ng 0 f 

Afu exonuclease III no subsequent UNG but heat treatment 
Lane 9: . DNA Molecular Weight Marker XIV ( Roch e Molecular Biochemicals 

No. 1721933) 

Figure 9: , - 

E^tof^exonu^ 

III mature was analyzed on human genomic DNA as described in Example X 

Lane 1:9,3 kb tPA fragment with Taq/Exo III Mix 
Lane2: » Taq-Pol. 

Lane 3: 12 kb tPA fragment with Taq/Exo III Mix 

Lane4: »' Taq-Pol. • 
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Lane 5: 15 kb tPA fragment with Taq/Exo III Mix 
Lane 6: „ taq-Pol. 

Figure 10: 

Thermostable exonuclease III can be replaced by a polymerase mutant with reduced polymerase 
activity but increased 3'-exonu.cleoase-activity as described in Example XI. 

. Lane 1: Molecular Weight Marker 
Lane 2: reaction 1, Taq polymerase, 4.8 kb fragment 

Lane 3: reaction 2, Taq polymerase plus Tag polymerase mutant , 4.8 kb fragment 
Lane 4: reaction 3, no Taq polymerase, Tag polymerase mutant , 4.8 kb fragment 
Lane 5: reaction 4, Taq polymerase plus Afu ExoIII, 4.8 kb fragment 
Lane 6: reaction 5, Taq polymerase, 9.3 kb fragment 

Lane 7: reaction 6, Taq polymerase plus Tag polymerase mutant, 9.3 kb fragment Lane 8: 
reaction 7, no Taq polymerase, Tag polymerase mutant , 9.3 kb fragment 

Lane 9: reaction 8, Taq polymerase plus Afu ExoIII, 9.3 kb fragment 
Lane 10: Molecular Weight Marker 

Figure 11. 

Afu exonuclease III is not active on linear single stranded DNA as described in Example XII 

Lane 1: Afu Exo III, no incubation , 

Lane 2: Afu Exo III, 1 h at 65°C 

Lane 3: Afu Exo III, 2 h at 65°C 

Lane 4: Afu Exo III, 3 h at 65°C 

Lane 5: Afu Exo III, 4 h at 65°C 

Lane 6::Afu Exo III, 5 h at 65°C 

Lane 7: Reaction buffer without enzyme, no incubation 
Lane 8: Reaction buffer without enzyme, 5 h at 65°C 
Lane 9: Molecular Weight Marker 
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Figure 12: , 
Comparison of Afu exonuclease III with a tW m „c- ki D \ 
activity as described in Example «I, ^ * 

Lanel: Molecular Weight Marker 

Lane 2: ,; i u Tgo preincubated (reaction 1) .. , / 

Lane 3: 1.5 u Tgo, preincubated (reaction 2) 

Lane 4: 1 „ tgo, not preincubated (reaction 3) • . 

Lane 5: 1,5 u Tgo, not preincubated (reaction 4) 

Lane6: 1 u Tgo, preincubated in the absence of dNTPs (reactions) 

Lane 7: 1 " ~ 



1.5 u Tgo, preincubated in the absence of dNTPs (reaction 6 ) 
lane& Tgo, not preincubated in the absence of dNTPs (reaction 7) 
Lan, 9; 1.5 u Tgo, notpreincubated in the absence of dNTPs (reaction 8) . 
Lane 10: . u Tgo preincubated, in ft. absence of dNTPs, s.upp,e»en,ed *ft additiona! 

" pnmer(i^eacuM^nr 

1-= U: 1-5 u Tgo, preincubated in the absence of dNTPs, supplemen ted with additional 
pnmer (reaction 10) 

; Lane 12: Taq polymerase, preincubated (reaction 11) 

Lane 13: Taq plus 37,5 ng Afu Exo III, preincubated (reaction 12) - •. 

Lane l4: Taq plus 75 ng Afu Exo III, preincubated (reaction 13) ' , " 

Lane 15: Taq polymerase, not preincubated (reaction 14) ' 

Lane 16: Taq plus 37 ; 5 ng Afu Exo III, not preincubated (reaction 15) 

Lane 17: Taq plus 75 ng Afu Exo III, not preincubated (reaction 16) : 

Lane 18: Molecular Weight Marker : 

EXAMPLE I 

Isolation of coding sequences 

data base. The gene putatively encoding exonudease IL ,„thA> has Acc.No AF0580. 
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The apparent molecular weight of the exodeoxyribonuclease obtainable from Archaeoglobus 
fulgidtis is about 32,000 daltons when compared with protein standards of known molecular 
weight (SDS-PAGE). The exact molecular weight of the thermostable enzyme of the present 
invention maybe determined from the coding sequence of the Archaeoglobus fulgidtis 
exodeoxyribonuclease III gene. 

EXAMPLE II 

Cloning of the gene encoding exonuclease III from Archaeoglobus fulgidus 

About 6 ml cell culture of DSM No. 4304 were used for isolation of chromosomal DNA from 
Archaeoglobus fulgidus. 

The following primers were designed with restriction sites compatible to the multiple cloning si 
of the desired expression vector and complementary to the N- and C-terminus of the Archaeo- 
globus fulgidus exonuclease III gene: 
SEQ ID NO.: 1 ' / . 

N-terminus (BamHI-site): 5'-GAA ACG AGG ATG CAT GCT CAA AAT CGC CAC C -3' 
SEQ ID NO.: 2 

C-terminus (Pstl-site): 5'-TTG TTC ACT GCA GCT ACA CGT CAA ACA CAG C -3' 

First the cells were collected by repeted centrifugation in one 2 ml eppendorf cap at 5,000 rpm. 
The DNA isolation may be performed with any described method for isolation from bacterial 
cells. In this case the Archaeoglobus fulgidus genomic DNA was prepared with the High Pure™ 
PCR Template Preparation Kit (ROCHE Diagnostics GmbH, No. 1796828). With this method 
about 6 ug chromosomal DNA were obtained with a concentration of 72 ng/ul. 

PCR was performed with the primers described above, in the Expand™ High Fidelity PCR 
System (ROCHE Diagnostics GmbH, No. 1732641) and 100 ng Archaeoglobus fulgidus genomic 
DNA per cap in four identical preparations. PCR was performed with the following conditions: 
1 x 94°C, 2 min; 

10 x 94°C, 10 sec; 54°C, 30 sec; 68°C, 3 min; 
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. 20 x 94°C, 10 sec; 54°e 30 ter- K&o n a . ; , 

After adding MgCl, !0 a final concentration of 10 „,M It,- Pro a - ' 

^^^^^^^^^^ 
^^^^^^^^^^^^^ 
molten, the DNA fragments isolated byagarase digestion ^^^^7^ 
pellet was diluted in 30 ul H 2 0. he ^ 

The appropriate expression vector, here P DS56_T, was digested with the same restriction en 
*ymes as «s*I for the insert and cleaned with the same method. : ' ' ' . 

After ligerion of insert and vectorwith the Rapid DNA Ligation Kit rROrHP n •' 

No 163* .ya„„i F A ligation Kit (ROCHE Diagnostics GmbH, 

No.163 )«hep 1 as mi dwa S , r a„ s fo medintheeIpre . ssionho$tE 2 pm ° .,' 

mann,U.etal. (1989) Gem 85:109-114). (Brink- 

^^^^^^^^^^^ ^ 

B^ffi h'pTT GmbH • NGl754777) ^ <t ^ aatai b ^'"*" ^onwith 
BamHI and PstI and agarose gel electrophc 



loresis. 



Positive E coli PUBS520 ExoII, transformants werestorcd in givcero. culture at -70°C The se 

^ , c / , perr ° rmecib y othertech niquesu S1 ng conventional skiU in the art f see for 
example Sambrook et al. Molecular rinnir,^ a t u » U 

1989) . 

EXAMPLE III 

Expression of recombinant Afu exonuclease III 



;ation 
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and frozen until needed or lyzed by treatment with lysozyme to produce a crude cell extract con- 
taining the Archaeoglobus fulgidus exonuclease III activity. 

The crude extract containing the Archaeoglobus fiilgidus exonuclease III activity is purified by the 
method described in example IV, or by other purification techniques such as affinity-chromato- 
graphy, ion-exchange-chromatography or hydrophobic-interaction-chromatography. 

EXAMPLE IV . - 

Purification of recombinant Afu exonuclease III 

Exoli pUBS520 ExoIII (DSM No. 13021) from example I was grown in a 10 1 fermentor in media 
containing tryptone (20 g/1), yeast extract (10 g/1), NaCl (5 g/1 ) and ampicillin (100 mg/1 ) at 
37°C, induced with IPTG (0.3 mM ) at midexponential growth phase and incubated an addi- 
tional 4 hours. About 45 g of cells were harvested by centrifugation and stored at - 70°G. 2 g of 
cells were thawed and suspended in 4 ml buffer A (40 mM Tris/HCl, pH 7.5; 0.1 mM EDTA; 
7 mM 2-mercaptoethanol; ImM Pefabloc SC). The cells were lyzed under stirring by addition of 
1 .2 mg lysozyme for 30 minutes at 4°G and addition of 4.56 mg sodium deoxycholate for 10 
minutes at room temperature followed by 20 minutes at 0°C. The crude extract was adjusted to 
750 mM KC1, heated for 15 minutes at 72°C and centrifuged for removal of denatured protein. 

A heating temperature up to 90 °C is also possible without destroying (denaturation) the 
Archaeoglobus fulgidus exonuclease III. The supernatant was dialyzed against buffer B (buffer A 
containig 10 % glycerol) adjusted to 10 mM MgCl 2 and applied to a Blue Trisacryl M column 
(SERVA, No. 67031) with the dimension 1 x 7 cm and 5.5 ml bed volume, equilibrated with . 
buffer B. The column was washed with 16.5 ml buffer B and the exonuclease protein was eluted 
with a 82 ml linear gradient of 0 to 3 M NaCl in buffer B. The column fractions were assayed for 
Archaeoglobus fulgidus exodeoxyribonuclease protein by electrophoresis on 10-15% SDS-PAGE 
gradient gels. The active fractions, 16.5 ml, were pooled, concentrated with Aquacide II (Calbio- 
chem No. 17851) and dialyzed against the storage buffer C ( 10 mM Tris/HCl, pH 7.9; 10 mM 2- 
mercptoethanol; O.lmM EDTA; 50 mM KC1; 50 % glycerol). After dialysis Thesit and Nonidet 
P40 were added to a final concentration of 0.5% each. This preparation was stored at - 20 °C. 

The Archaeoglobus fulgidus exonuclease III obtained was pure to 95% as estimated by SDS gel 
electrophoresis. The yield was 50 mg of protein per 2.3g cellmass (wetweight). 
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EXAMPLE V 



^ermo^^ recombirant ffl ^^^^ 

cribed i„ Example IV 100 rfS^T ' de » t "»*»- .A*- lysis as des- 

uuaeatnat the half life is more than ten minutes at 90°C 



EXAMPLE VI 

Activity of Afu exonuclease III 



Exonuclease III catalyzes the stepwise removal of mononucleotides from y hvW , • 
duplex DNA CRn^re r c j ... • """cieotiaes trom 3 -hydroxy! termin of 

piexDNA(R O ger S G.S.andWeissB.(1980)Me f / I0 ^£^ vmo/ 65 . 2 01 2in A r \ ^ u 

che tai caU,: N „. 1 0« 59 0 ) ^ZC^^^hTT"^^ 

j , , "tea pt$K328 mixed with Hinfl diverted nRPcnc tu 

. products of the Hmff ditrf»cth«« 5- • o-igestea pr>R328. The 

ernangs and should be more resistant to cleavage by exonuclease in. 

0) 25 ul of the fouowng .ncubation buffo ,0 mM Tris/HCl, pH 8.0; 5 mM M g a , 

' 1 ™ 2 -mercaptoethariol; 100 mMNaQ with pJraffi i , 2 
EcoliiROCHV^ i c . L MNaCIWlthParaffinov ^ay. 10 units of exonuclease III of . 
(ROCHE Molecular Biochemical*, No.779709) was included as a control. The control 
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reaction was performed at 37°C. After addition of 5 ul stop solution ( 0.2 % Agarose, 60 mM 
EDTA, 10 mM Tris-HCl, pH 7.8, 10 % Glycerol, 0.01 % Bromphenolblue) the mixtures were 
separated on a 1 <>/ 0 agarose gel. The result is shown in Figure 3. Afu exonuclease III discriminates 
between the two different types of substrate. The preferred substrate are the fragments with 3'-re- 
cessive ends (e.g. 1766 bp fragment) and the 3'-overhanging ends.(e.g. 2176 bp, 1230bp, 1033 bp 
fragments) are more resistant to degradation. With higher amounts of protein the substrate is 
degraded to a similar extent as in lane 1, where the products of exonuclease III of Rcoli were 
analyzed. With increasing amounts of Afu exonuclease protein only little DNA substrate was left 
(lanes 15 to 19), the retardation of the remaining fragments maybe due to DNA binding proteins 
as impurities of the preparation. 

EXAMPLE VII 

Mismatched primer correction in PGR with Afu exonuclease III 

The repair efficiency of the Afu exonuclease III / Taq polymerase mixture during PCR was tested 
with 3' terminally mismatched primers, the principle of the assay is shown in Figure 4. For PCR 
amplification sets of primers are used in which the forward primer has one or two nucleotides at 
the 3' end which cannot base pair with the template DNA. Excision of the mismatched primer 
end and amplification of the repaired primer generates a product which can subsequendy be 
cleaved with the restriction endonuclease BsiEI, whereas the product arising from the mis- 
matched primer is resistant to cleavage. . 

The primer sequences used : 

L reverse: 5' - GGT TAT CGA AAT CAG CCA GAG CG - 3' 

(SEQ ID NO.: 3) ' 

2. forward l(g:a mismatch): 5' - TGG ATA CGT CTG AAC TGG TCA CGG TCA - 3' 

(SEQ ID NO.: 4) . 

3. forward 2 (g:t mismatch): 5' - TGG ATA CGT CTG AAC TGG TCA CGG TCT - 3' 

(SEQ ID NO.: 5) 

4. forward 3 (g:c mismatch): 5' - TGG ATA CGT CTG AAC TGG TCA CGG TCC - 3' 

(SEQ ID NO.: 6) 

5. forward 4 (2 base mismatch): 5' - TGG ATA CGT CTG AAC TGG TCA CGG TAT - 3' 

(SEQ ID NO.: 7) 
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PCR was carried out using 2.5 Units Taq DNA Polymerase fROrHF rv ^ , 

1 x 94°C,2min; • ' 

40 x 94»Q : i0sec;60 o C > 30sec; 72 o C,lmin; ' ' :• 

1 x 72°C,7min; 

f ^ DNA polymerase, 0.3 DNA polymerase (ROCHE Diagnostics GmbH) and to 
0. 5 ulof Expand™ H igh FMe.it, PGR System' (ROCHE Diagnostics GmbH, NO.H3264! I 
mcucatedbysu.cessMdig^onofftePCRp^ucts^hBs . 

-hits ^.'«^^ t ^ c ^ u ^ t ^^ B ^ 

w^ti^ 

were repaired with an effecnvity of approximately 50%. 

EXAMPLE VIII r 
Fidelity of Afu exonudease III /Taq DNA polymerase mixtures in the PCR process 

Thefiddity ofAfij exonudease ^ DNA polymerase matures in the PCR pro™ de- 
eded - " "-L 4 -- - «* -PUfetion, drcuiarisation and transformation 
PUC19 deriva e P UCI Q1 7, containing a fiinctional allde (Frey, B. and Suppmann B 0995, 

s.on of lac Za and-subseouent formation of a functional *- g alac,„sidase enzyme which canTe 

ZdnI T > ^cI-basedPCR fidelity assay were determined i„ comparison to 

^ DNA polymery and Expand HiFi PCR System (Roche Molecular Biochemicals) and iV„ . 
DNA polymerase (Roche Molecular Biochemicals) as controls. 

The plasmidpUaQ17 was linearized by dieestion with n„TT , ■ \ 

. .. . ngesnon with DraH to serve as a substrate for PCR 

amplification with the enzymes tested. traterorrcK 
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Both of the primers used have Clal sites at their 5 prime ends: 
SEQIDNO.:8 

Primer 1: 5'-AGCTTATCGATGGCACTTTTCGGGGAAATGTGCG-3' 
SEQ ID NO.: 9 

Primer 2: 5'-AGCTTATCGATAAGCGGATGCCGGGAGCAGACAAGC-3' 
The length of the resulting PCR product is 3493 bp. 

The PCR was performed in a final volume of 50 ul in the presence of 1.5 mM MgCl 2 , 50 mM Tris" 
HC1, pH 8.5 (25°C), 12.5 mM (NH 4 ) 2 S0 4 , 35 mM KC1, 200 uM dNTPs and 2.5 units of Taq 
polymerase and 125 ng, 175 ng, 250 ng, 375 ng and 500 ng, respectively of Afu exonuclease III. 

The cycle conditions were as follows: 

1 x denaturation of template for 2 min. at 95°G 

~ denaturation at 95°C for 10 sec. 
8x annealing at 57°C for 30 sec. 

elongation at 72°C for 4 min. 

denaturation at 95°C for 10 sec. 
16 x annealing at 57°C for 30 sec. 

elongation at 72°C for 4 min. 
+ cycle elongation of 20 sec. for each cycle 

After PCR, the PCR products were PEG- precipitated (Barnes, W. M. (1992) Gene 112:229) the 
DNA restricted with Clal and purified by agarose gel electrophoresis. The isolated DNA was li- 
gated using the Rapid DNA Ligation Kit (Roche Molecular Biochemicals) and the ligation pro- 
ducts transformed in Rcoli DH5ot, plated on TN Amp X-Gal plates. The a-complementing Rcoli 
strain DH5a transformed with the resulting plasmid pUCIQ17 (3632 bp), shows white (lacl + ) 
colonies on TN plates (1.5 % Bacto Tryptone, 1 % NaCl, 1.5 % Agar) containing ampicillin (100 
ug/ml) and X-Gal (0.004 % w/v)/Mutations result in blue colonies. 
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After incubation overnight at 37°C, blue and white colonies were counted. The error rate (f) per 
bp was calculated with a rearranged equation as published by Keohavong and ThiUy (Keohavon* 
P. and Thilly, W. (1989) PNAS USA 86:9253): (Keohavong, 

f=-lnF/dxb bp 

where F is the fraction of white colonies: 

F = white (lacl+) colonies / total colony number; 
d is the number of DNA duplications: 

2 d = output DNA / input DNA; 

--^^ 

al. (Provost etal. (1993) Mm. lie* 288:133). - 

The results shown in FigureoA and Figure6B demote that the presence of thermostable 
exonuckase III in the reaction mixure resuhs i„ lower etror rate , Dependent „„ , h e ratio of 
polymerase to exonudease the error rate is decreasing. The fidehty acUeved with the most opti- 
ma, To, polymerase I Afu exonudease III mixture (4,44 x 10*) is in a similar range as that of the 
7^. mature (Expand HiFi; 2.06 x .0^). Evaluation of the optima, buffer conditions wi.I 
^er unprove Ae fideUty. The ratio between polymerase and exonudease has ,„ he optimized. • 

c^cvTtT ,T ^ d ~—« * 

cencytTao/Exo ^lOcorrespondingtoiSuni^ofr^polvmeraseandSOOngoM/i, 
exonudease III). 6 / 

The fidelity of this system may further be optimized using conventional skill in the art e g by 

a tenng me buffer components, optimizing the concentration of the individual components or ' 

changing the cycle conditions. 
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EXAMPLE IX: 

Incorporation of dUTP in the presence of Afu exonuclease III during PCR 

The Afu exonuclease /Taq polymerase mixture was tested for DNA synthesis with TTP com- 
pletely replaced by dUTP. Comparisation of either TTP or dUTP incorporation was 
determinated in PCR using 2.5 Units of Taq DNA Polymerase, in presence of 0.125 jig, 0.25 |ig, 
0.375 fig and 0.5 jig of Archaeoglobus fulgidus exonuclease III from example IV on native human 
genomic DNA as template using the fi-globin gene as target. The following primers were used: 

forward: 5' - TGG TTG AAT TCA TAT ATC TTA GAG GGA GGG C - 3' • 

(SEQ ID NO.: 10) * 
reverse: 5 4 - TGT GTG TGC AGA AAA CAT CAA GGG TCC CAT A - 3' 

(SEQ ID NO.: 11) 

PCR was performed in 50 [il volume with the following cycle conditions: 

, 1 x 94°C,2mih; 

40 x 94°C, 10 sec; 60 o C, 30 sec; 72°C, 1 min; 
1 x 72°C, 7.min; 

Aliquots of the PCR reaction were separated on agarose gels. As shown in Figure 7 with this 
template/primer system DNA synthesis in the presence of dUTP is possible with up to 375 ng of Afu 
exonuclease III. dUTP incorporation can further be proven by Uracil-DNA Glycosylase treatment 
(ROCHE Diagnostics GmbH, No. 1 775367) of aliquotes from the PCR reaction products for 30 min 
at ambient temperature and subsequent incubation for 5 min at 95°C to cleave the polynucleotides 
at the apurinic sites which leads to complete degradation of the fragments. The analysis of the 
reaction products by agarose gel electrophoresis is shown in Figure 8. 

EXAMPLE X: 

Effect of Afu exonuclease III on PCR product length 

Taq polymerase is able to synthesize PCR products up to 3 kb in length on genomic templates. In 
order to estimate the capability of the Taq polymerase/A/w exonuclease mixture for the synthesis 
of longer products, the enzyme mixture was analyzed on human genomic DNA as template with 
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?atS °* PtimaS t0 ^ ***** o( 9.3 kb, 12 kb and ,5 kb length The buffi, 

Table 1: ■ ■ ;. • 



Product 
_ length 



9.3 kb 



Primers 



12 kb 



forward 7 
reverse 14 



expand Long Template buffer 
No.: 



1 



PCR Programm 



i x denat. at 94 "C for 2 min " 

10 x denat. at 94°C tor 10 sec 

annealing at 65°C for 30 
elogation at 6R°C for a r 



forward 1 
reverse 3 



15 ' 



M x denat. at 94°C tor 10 sec. "~ 
. annealing at 65°C for 30 sec 
I elogation at 68°C for 8 min. plus 
cycle elongation of 20 sec. per 
cycle r 



1 "x elongation at 68°C for 7 min. 



1 x denat, at 94 U C for 2 m7T7 



10 x denat at 94°C for 10 sec 
annealing at 62°C for 30 sec 
elogation at 6 8°C for 12 min 

20 Y Hpnof ~+ GAQr* 1 ■ — ■ 



forward 1 
reverse 2 



Th^ rner 
Primer 7a forward: 



x denat at 94 u Cior 10 sec " 
annealing at 62°C for 30 sec 
elogation at 68°C for 12 min. plus 
cycle elongation of 20 sec/per 
cycle r 

1 x elongation at 68°C for 7 " ~ 



specific for amplification of the tPA genes used: 



same as for 12 kb 



Primer 14a 
Primer. 1 
Primer 2* 
Primer 3 



reverse: 



5' - GGA ACT ACA GCT GAG ACT TGT GCA GCA CCCCTG C - 3' 
(SEQIDNO.: 12) . 

5 CAA ACT CAT GCG GCC ATC GTT GAG ACA CAC C - 3' 
. (SEQIDNO.: 13)- . . ^ 

forward: 5 CCT TCA CTG TCT GCC TAA CTC CTT CGT GTG TCC C y 
(SEQIDNO.: 14) 

5' - ACT GTG CTT CCT GAC CCA TGG CAG AAG CGC CTT C- 3' 
(SEQ ID NO.: 15) 

5 '- CCT TCT AGA GTC AAC TCT AGA TGT GGA CTT AGA G - 3' 
(SEQ ID NO.: 16) 



reverse: 



reverse: 
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As shown in Figure 9 it is possible to synthesize products of at least 15 kb in length with the Taq 
polymerase/ Afu exonuclease mixture. 

Example XI 

Thermostable Exonuclease III can be replaced by a polymerase mutant with reduced polymerase 
activity but increased 3' exonudease-activity 

DNA polymerase from Thermococcuss aggregans (Tag) described from Niehaus F., Frey B. and 
Antranilcian G. in W097/35988 or Gene (1997) 204 (1-2), 153-8, with an amino acid exchange at 
position 385 in which tyrosine was replaced by asparagine (Boehlke at al. submitted for 
publication and European patent application 00105 155.6) shows only 6.4 % of the polymerase 
activity but 205 % of the exonuclease activity of the wild type DNA polymerase. This enzyme was 
used to demonstrate that the invention is not restricted to exonuclease Ill-type enzymes but also 
includes other types of enzymes contributing 3' exonuclease activity. 

Reactions were performed in 50 (jtl volume with 200 ng of human genomic DNA, 200 [iM dNTP, 
220 ng of each primer and Expand HiFi buffer incL Mg ++ for reactions 1-4 or Expand Long ; 
Template buffer 1 for reactions 5-8 (Figure 10). In order to amplify a 4.8 kb fragment of the tPA 
gene, primer tPA 7a forward (5'-GGA AGT ACA GCT CAG AGT TCT GCA GCA CCC CTG C- 
3', SEQ ID NO.: 12) and tPA 10a reverse (5''- GAT GCG AAA CTG AGG CTG GCT GTA CTG 
TCT C- 3', SEQ ID NO.: 17) were used in reactions 1 - 4. In order to amplify a 9.3 kb fragment 
of of the tPA gene, primer tPA 7a forward and tPA 14a reverse (5'-CAA AGT CAT GCG GCC 
ATC GTT CAG ACA CAC C-3', SEQ ID NO.: 13) were used in reactions 5-8. 2.5 units Taq 
polymerase were added to reactions 1,2,4,5,6, and 8, not to reactions 3 and 7 which were used as 
negative controls. 1 1 ng of Tag polymerase mutant were added to reactions 2,3, 6 and 7, 150 ng of 
Afu Exonuclease III were added to reactions 4 and 8. 

The cycle programs used for reactions 1-4: 

1 x 94°C, 2 min, 
10 x 94°C, 10 sec 

62°C,30sec 

68°C, 4 min 
20 x 94°C, 10 sec 

62°C,30sec 
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68°C, 4 min, plus cycle elongation of 20 sec per cycle 
lx 68°C for 7 min • 

for reactions 5-8: 

l x 94°C 2 min, - 

10 x 94°C, 10 sec ; / . - - . ' 

65°C, 30 sec 
- 68°C, 8 min 
20 x 94°C, lOsec 

65°C, 30 sec . : ' 

68°C, 8 min, plus cycle elongation of 20 sec per cycle 
lx 68°Cfor7min ' ' 



The PCR products were analysed nn a i o/ . ' : 

T . , . , , u -■ Y * °n * 1 % agarose gel containg ethidium bromide (Figure 10) 

lhe data show that Taq polymerase k a kl~ vr , figure w). 

combmauon of Taq polymerase with Tag polymerase mutant or Afu Exo III results in aW 
increase in product yield The Ta ? nn1v m - . ^ J^o m results m a strong 

this product ^ gPOl ^ eraSemUt ^ 

d^Z T ° btained ^ ^ 93 ^ U ^ T ^ Polymerase alone no product is 

detectable. In combination with Tag polymerase mutant or Afu Exo III the expected PCR 
product is obtained in high yield. expected PCR 

vTZZ»TrT: m,h " is o£Barnes (Bamcs w - m - « ^ . 

mismatched nucleotide at the Drimpr «»t,^ t i 

Th i j ' q P 01 ^** ^ able to reassume DNA synthesis 

The completed nucleic acid chain as a full length product „„ a 

bindinginsubsequentcycles. ^P^can then serve as a template for primer 
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Example XII 

Afii Exo III is not active on linear single stranded DNA 

Reactions were performed in 50 ul volume with 270 ng of Afu Exo III, 5 jig of a 49-mer 
oligonucleotide in Expand HiFi PCR buffer with MgCl 2 and incubated for 0, 1, 2, 3, 4, and 5 
hours at 65°C. After addition of 10 ul of Proteinase K solution (20 mg/ml) the samples were 
incubated for 20 min. at 37°C. The reaction products were analysed on a 3.5 % Agarose gel 
containing ethidium bromide. 

The result is depicted in figure 1 1. It showesthat the nucleic acid has the same size in all lanes. 
The product obtained after incubation for up to 5 hours (lane 6) with Afu Exo III has the same 
size as the controls (lanes 1, 7 and 8). Neither a significant reduction in intensity of the full length 
oligonucleotide nor a smear deriving from degraded products can be observed 

Example XIII 

Comparison of Afu Exonuclease III with a thermostable B-type polymerase in primer 
degradating activity 

Thermostable B-type polymerases are reported to have single and double stranded nuclease 
activity (Kong H. et.al. (1993) Journal Biol Chem. 268:1965-1975). This activity is able to degrade 
primer molecules irrespective whether they are hybridized to the template or single stranded. The 
replacement of a thermostable B-type polymerase by a thermostable exonuclease in the reaction 
mixture might be of advantage with respect to stability of single stranded primer or other nuclei 
acids present in the reaction mixture. 

In order to test for primer degrading activity, reaction mixtures without template DNA were 
incubated for 1 hour at 72°C, then DNA was added and PCR was performed. The results were 
compared with reactions containing Tgo polymerase as an example for a thermostable B-type 
polymerase (Angerer B. et al. WO 98/14590). As control the same mixtures were used without 
prior incubation. The results are summarized in Table 2. 
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preincubation in 
the absence of 
template DNA 



preinc. in the 
presence of 
nucleotides 



second addition 
of primer after 
preincubaion 




As target for amplification a fragment of the p53 gene was chos^T^ , ~ 

GTC CCA AGC AAT GGA TGA T y KFn m ^ ^ Were: p531 5 '' 

TGATO'(SE QI DNO f 9 ) PCR (SEQ ID NO.: 18) and p53II 5'-TGG AAA CTT TCC ACT 
. ' X PCR reaCtIOns were P erf ^med in 50 ul volume 

'andw»tan„"i' , and 9) or 1.5 units reactions number 2 4 6 8 

ana lUJTgo polymerase and 200 uMdNTPs u m D erA4, 6> 8 

contained 37 5 ng of Afu to rn " ^ ReaCU ° nS """^ 12 «* 15 

ng Afc Exo ,11, reasons nu m ber 13 and 16 contained „ ng ^ ^ ^ 

As described in table 2 reaction, 2. 5, 6 and 11 ,o .3 were incubated for I hour at 72V - * 

absence of temolate DMA tk^* i ^ uatcu lor 1 nour at 72 C in the 

/ «4 polymerase, tne enzyme was added after nr«n/-,,iw * 

uucq aner preincubation to reactions 11 to 13. 
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PCR conditions: ■ 

lx 94°C, 2 min • 

35 x 94°C, 10 sec 
55°C, 30 sec . 

..... ! 

72°C,' 4 min 
lx 72°Cfor 10 min 

The reaction products were analysed on an agarose gel and stained with ethidium bromide 
(Figure 12). 

When Tgo polymerase was incubated with the primer in the absence of template DNA (reactions 
1,2,5 and 6) and compared with the corresponding reactions without preincubation (3,4,7 and 8) 
a clear difference was observed. The preincubation results in strongly reduced PCR product 
obviously affecting at least one essential component, most probably the PCR primer. Extra 
addition of 40 pmoles of PCR primer (reactions 9 and 10) after the preincubation step results'in 
strong signals with intensities comparable to the control reaction which were not preincubated. 
This shows that Tgo polymerase, a thermostable B-type polymerase, degrades PCR primer in the 
absence of template no matter whether dNTPs are present or not. 

The PGR products obtained with reactions 12 and 13, in which the primer were preincubated^ 
with Afu Exonuclease III before addition of template DNA and Taq polymerase gave similar 
bands as those obtained with reactions 15 and 16, in which no preincubation step was used. 
From the similar strong band intensities it can be concluded that little or no degradation of 
primer occured and that single stranded oligonucleotides are poor substrates for Afu 
Exonuclease III. From the strong band intensities or enhanced yields of PCR products it can be 
concluded that the enzyme enhances fidelity of an amplification process. ' 
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CLAIMS: 



second enzyme ekhibiting polymera^ activity. ^ 

2. Thermostable enzyme according* claim , obtainable from ArcheogMmfil!giJm 

3. Thermostable enzyme according to daim , or 2 whereas this enzyme is abie to cooperate as 
... ^"Wwimasecondenzy^^ 

"^■"Ccln^iSS^ " 
essential*, no nM l . exhibiting 3 -exonuclease-actrvity but 

~/ "0 DNA polymerase activity and a second enzyme exhibiting DNA polymerase 
activtywhereasthe fidelity* an amplification process is enhanced by L U se ^ 
composmonmcompari.ontod.e.u.eoftiresinglesecondenzyme. 

, Comp^sitionaccorcUngtoclaimSwhereasmeseconden^^ 
7. C °»*-or W 

,«. A -*°^P«Parin g °rampu^^^ . , 



.0. The method according to one of the claims 8 or 9 whereas mismatched ends of either a 
pnmerorthegrowingstrandareremoved. oreitnera 

^The memod according toone of thedaimsS to 10 whereas dUTP instead of TTP is present 

in the reaction mixture. • 15 present 
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12. The method according to claim 1 1 whereas UNG is used for degradation of 
contaminating nucleic acids. 

13. The method according to one of the claims 8 to 12 whereas the mixture of a 

- first thermostable enzyme exhibiting 3'-exonuclease-activity but essentially no DNA 
polymerase activity and 

- a second enzyme exhibiting DNA polymerase activity 

. produces PCR products with lower error rates compared to PCR products produced by the 
second enzyme exhibiting DNA polymerase activity in absence of the first thermostable 
enzyme exhibiting 3'-exonuclease-activity but essentially no DNA polymerase activity. 

14. The method of claim 13 in which the mixture of first thermostable enzyme exhibiting 3 ! - 
exonuclease-activity but essentially no DNA polymerase activity and a second enzyme 
exhibiting DNA polymerase activity produces PCR products of greater length compared to 
PCR products produced by the second enzyme exhibiting DNA polymerase activity in , 
absence of the first thermostable enzyme exhibiting 3'-exonudease-activity but essentially no 
DNA polymerase activity 

1 5. The method according to one of the claims 8 to 14 whereas the first thermostable enzyme 
exhibiting 3'-exonuclease-activity but essentially no DNA polymerase activity is related to 
the Exonuclease III derived from E.coli, but is thermostable. 

16. The method according to one of the claims 8 to 15 whereas PCR products with blunt ends 
are obtained. 

17. A method for amplifying DNA using a thermostable enzyme exhibiting S'-exonuclease- 
activity which enzyme is not or only to a negligible extend active on linear single stranded 
DNA. 

18. The method according to claim 17 wherein an enzyme according to any of claims 1 to 4 is 
used. 
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Figure 1:1/2 

Sequence of the Archaeoglobus fulgidus exonuclease III gene: 
SEQ ID NO.: 20/21 

ATGCTCAAAATCGCCACCTTCAACGTAAACTCCATCAGGAGCAGACTGCACATCGTGATT 
! + ___ + _ + ___ + + __ + 6Q 

TACGAGTTTTAGCGGTGGAAGTTGCATTTGAGGTAGTCCTCGTCTGACGTGTAGCACTAA 
a M L K I AT FNVN S I R S R L 'H I V I 

CCGTGGCTGAAGGAGAACAAGCCTGACATTCTATGCATGCAGGAGAOGAAGGTTGAGAAC 
61 + --+ + — + + + 120 

GGCACCGACTTCCTCTTGTTCGGACTGTAAGATACGTACGTCCTCTGCTtCCAACTCTTG 
a P W L K E N K P D I L C M Q E T K V E N - 

AGGAAGTTTCCTGAGGCCGATTTTCACCGCATCGGCTACCACGTCGTCTTCAGCGGGAGC 
121 + + __ + + _, + _ + 18Q 

TCCTTCAAAGGACTCCGGCTAAAAGTGGCGTAGCCGATGGTGCAGCAGAAGTCGCCCTCG 
a RKFPEAD.FH RIGYHVV FSGS - . 

1 

AAGGGAAGGAATGGAGTGGCCATAGCTTCCCTCGAAGAGCCTGAGGATGTCAGCTTCGGT 
181 — — +— + + + + .+ 240 

TTCCCTTCCTTACCTCACCGGTATCGAAGGGAGCTTCTCGGACTCCTACAGTCGAAGCCA 
a KGRN G VA I AS LE E P E D VS FG 

CTCGATTCAGAGCCGAAGGACGAGGACAGGCTGATAAGGGCAAAGATAGCTGGCATAGAC 
241 + + +— + _ + +300 

GAGCTAAGTCTCGGCTTGCTGCTCCTGTCCGACTATTCCCGTTTCTATCGACCGTATCTG 
a L D S E P K D E D R L I R A K I A G I D 

GTGATTAACACCTACGTTCCTCAGGGATTCAAAATTGACAGCGAGAAGTACCAGTACAAG 
301 + ^_„+ + + 36Q 

CACTAATTGTGGATGCAAGGAGTCCCTAAGTTTTAACTGTCGCTCTTCATGGTCATGTTC 
a • V/, I NTYVPQG FKI DS E KYQYK - 

CTCCAGTGGCTTGAGAGGCTTTACCATTACCTTCAAAAAACCGTTGACTTCAGAAGCTCT 
361 + + + — + . + + 420 

GAGGTCACCGAACTCTCCGAAATGGTAATGGAAGTTTTTTGGCAACTGAAGTCTTCGAAA 

a LQ WLERLYHYLQKTVDFRSF 

GCTGTTTGGTGTGGAGACATGAACGTTGCTCCTGAGCCAATCGACGTTCACTCCCCAGAC 
421 — ■--+ + + + . + 480 

CGACAAACCACACCTCTGTACTTGCAACGAGGACTCGGTTAGCTGCAAGTGAGGGGTCTG 

a AVW CGDMNVAPEPI DVHSP D - 

AAGCTGAAGAACCACGTCTGCTTCCACGAGGATGCGAGAAGGGCATACAAAAAAATACTC 
481 + + + __ + „_„ + 540 

TTCGACTTCTTGGTGCAGACGAAGGTGCTCCTACGCTCTTCCCGTATGTTTTTTTATGAG 
a KLKNHVC FH EDARRAYKKI L 
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GAACTCGGCTTTGTTGACGTGCTGAGAAAAATACATCCCAACGAGAGAATTTACACCTTC 
541 + __ + + _ + + + 60Q 

CTTGAGCCGAAACAACTGCACGACTCTTTTTATGTAGGGTTGCTCTCTTAAATGTGGAAG 

ELGF V DVLRKIHPNE R IYTF - 

TACGACTACAGGGTTAAGGGAGCCATTGAGCGGGGGCTGGGATGGAGGGTTGATGCCATC 
601 — + + + ____ + ____ + _^__ + 6g0 

ATGCTGATGTCCCAATTCCCTCGGTAACTCGCCCCCGACCCTACCTCCCAACTACGGTAG 

.YDYRVKGAIERGLGWRVDAI -, 

CTCGCCACCCCACCCCTCGCCGAAAGATGCGTGGACTGCTACGCAGACATCAAACCGAGG ' 
661 + — + ' + — + — +- -+ 720 

GAGCGGTGGGGTGGGGAGCGGCTTTCTACGCACCTGACGATGCGTCTGTAGTTTGGCTCC 
L A T P P L A E R C V D C Y A D I K P R - 

t ... 

CTGGCAGAAAAGCCATCCGACCACCTCCCTCTCGTTGGTGTGTTTGACGTGTAG 
721 — — +— — + „ + + _ + „„ 7?4 

GACCGTCTTTTCGGTAGGCTGGTGGAGGGAGAGCAACGACACAAACTGCACATC 
L A E k' P;'S. D - H L P L V A V F D V 



* 
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Figure 2: 



Temperature stability of Afu exonuclease III 
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Figure 3: 
Test for exonuclease III activity 



12 3 



5 6 7 8 9 10 11 12 13 14 




SUBSTITUTE SHEET fRULF ?R\ 



JC||ec'dPCT/PTO . 2 5MAYv 200) 




WO 01/23583 



Figure 4: 



5 / 14 



PCT/EP00/09423 

° 9 / 856850 



Principle of the 3'-primer correction assay 



25 bp 



— CGGTCG- 
-GCCAGC- 



200 bp 



175 bp 



matched primer 



1 PCR fragment 

1 BsiEl cleveage products 

Z lambdaDNA 



4- 



reverse primer 



1 
2 
3 
4 
5 



G 



T 



■* C 

AT 



mismatched Primer 



Amplification with Taq DNA polymerase 
in presence of Afu-Exolll 
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Figure 5: 

Mismatched primer correction in PCR 
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